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) SILICON SINGLE CRYSTAL WAFER. METHOD FOR PRODUCING THE SAME AND SOI WAFER 

)Abstract: 

OBLEM TO BE SOLVED: To obtain a defect-free silicon single crystal wafer prepared by CZ (Czochralski) 
thod and composed of N-region in whole region in which void- type defects and dislocation clusters are 
ninated under stable producing conditions having broad controllability and easy to control since OSF(oxidation 
uced stacking fault) region is required to be deactivated and pulling conditions of a crystal therefor are then 
irched when the crystal pulled up in the N-region containing the OSF region and doped with nitrogen is used as 
= defect-free wafer and to provide a method for producing the wafer, 

LUTION: This silicon single crystal wafer grown by the CZ method is doped with nitrogen and composed of the 
region in the whole region and has <8 ppma interstitial oxygen concentration or at least the void-type defects 
i the dislocation clusters are eliminated from the whole region in the silicon single crystal wafer doped with 
-ogen and having 18 ppma interstitial oxygen concentration. 
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um(s)] 

dm 1 ] The silicon single crystal wafer which it is the siUcon single crystal wafer raised by the Czochrlski method, 
nitrogen is doped, and consists of a whole surface N-field, and is characterized by the oxygen density between grids 
ig 8 or less ppmas. 

lim 2] The silicon single crystal wafer which it is the silicon single crystal wafer raised by the Czochrlski method, 
Dgen is doped, and the void mold defect and the rearrangement cluster axe eliminated at least from the whole surface, 
is characterized by the oxygen density between grids being 8 or less ppmas. 

lim 3] The silicon single crystal wafer indicated to claim 1 or claim 2 characterized by the oxygen density between 
I grids being 5 or less ppmas. 

lim 4] Said doped nitrogen concentration is Ixl014-/cm3. Silicon single crystal wafer indicated in any 1 term of 
m 1 characterized by being above thru/or claim 3. 

dm 5] Said doped nitrogen concentration is 5xl014-/cm3. Silicon single crystal wafer indicated in any 1 term of 
m 1 characterized by being above thru/or claim 4. 

dm 6] The silicon single crystal wafer characterized by performing EG processing to one principal plane of the 
:on single crystal wafer indicated in any 1 term of said claim 1 thru/or claim 5. 

dm 7] The SOI wafer characterized by using the silicon single crystal wafer indicated in any 1 term of said claim 1 
i/or claim 6 as a SOI layer. 

dm 8] The manufacture approach of the silicon single crystal wafer characterized by manufacturing from the single 
;tal pulled up on the conditions from which the whole crystal surface serves as N-field, doping nitrogen, and the 
gen density between grids is set to 8 or less ppmas in case a silicon single crystal is raised with the Czochrlski 
hod. 

dm 9] it be Ixl014/cm3 about said nitrogen concentration to dope, the manufacture approach of the silicon single 
;tal wafer indicated to claim 8 to which a F/G (F:raising rate G: temperature gradient of crystal solid-liquid interface) 
le be characterize by manufacture from the single crystal raised in all the locations within the crystal face within the 
ts of 0.14-0.22mm2 / K-min as conditions from which it consider as the above and the whole crystal sxirface serve as 
ield. 

dm 10] It is 5xl014-/cm3 about said nitrogen concentration to dope. The manufacture approach of the silicon single 
jtal wafer indicated to claim 8 to which F/G value is characterized by manufacturing from the single crystal raised in 
he locations within the crystal face within the limits of 0.12-0.24miri2 / K-min as conditions from which it considers 
le above and the whole crystal sxirface serves as N-field. 

dm 11] The manufacture approach of the silicon single crystal wafer characterized by heat-treating to the silicon 
;le crystal wafer manufactured by the manufactvire approach indicated in any 1 term of said claim 8 thru/or claim 10. 
dm 12] The manufacture approach of the silicon single crystal wafer indicated to claim 1 1 characterized by 
:brming said heat treatment with rapid heating and quick cooling equipment. 
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TAILED DESCRIPTION 



tailed Description of the Invention] 
01] 

;ld of the Invention] Nitrogen is doped and this invention relates to the defect-free silicon single crystal wafer which 
s not almost have a crystal defect, and its manufacture approach. 

02] 

scription of the Prior Art] In recent years, the quality demand to the silicon single crystal produced with the 
)chrlski method (it may be hereafter written as a CZ process) used as the substrate has been increasing with detailed- 
g of the component accompanying high integration of semiconductor circuits, such as DRAM. Especially, it is called 
wn-in (Grown-in) defects, such as FPD, LSTD, and COP, the defect of a single crystal growth reason in which an 
le film proof-pressure property and the property of a device are worsened exists, and importance is attached to 
action of the consistency, and contraction of size. 

03] In explaining these defects, it explains being known generally about the factor which determines each 
centration of the point defect of the hole mold first called the Vacancy (it may outline Vacancy and Following V) 
)rporated by the silicon single crystal, and the mold silicon point defect between grids called Interstitial-Si (it may 
ine Interstitial-Si and Following I) incorporated. 

04] In a silicon single crystal, V-fields are Vacancy, i.e., the crevice generated from lack of a silicon atom, and a 
d with many things like a hole. With I-field It is the thing of a field with many lumps of the rearrangement and the 
essive silicon atom which are generated when a sihcon atom exists too much. Between V-field and I-field The 
tral field (it may be written as a Neutral field and a following N-field) without lack of an atom or an excess (few) 
exist. And with [ even if said grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition / 
*** / to the last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as a 
set. 

05] It is known that the concentration of both this point defect will be decided from the pull-up rate (growth rate) F 
he crystal in a CZ process and relation with the temperature gradient G near [ under crystal ] the solid-liquid 
rface. Moreover, in N-field between V-field and I-field, existence of the defect generated in the shape of [ which is 
ed OSF (an oxidation induction stacking fault. Oxidation Indused Stacking Fault) ] a ring is checked. 
06] A classification of the defect of these crystal growth reason calls the V-rich field the field where the void mold 
5cts in which it is considered as the void reason to which hole type point defects gathered when a growth rate is a 
1 speed comparatively, the above before and after 0.6 mm/min and, such as FPD, LSTD, and COP, exist in high 
sity throughout the direction of the diameter of a crystal, for example, and these defects exist. Moreover, when a 
wth rate is 0.6 or less mm/min, the field where the above-mentioned OSF ring is generated from the circumference 
I crystal with the fall of a growth rate, the defect of ratios of length to diameter (Large Dislocation: the cable address 
he dislocation loop between grids, LSEPD, LFPD, etc.) considered to be dislocation loop reasons by the outside of 
ring exists in a low consistency, and these defects exist is called the I-rich field. Furthermore, if a growth rate is 
le into a low speed below at 0.4 nun/min order, an OSF ring will condense and disappear at the core of a wafer, and 
whole surface will serve as an I-rich field. 

07] Moreover, existence of N-field where OSF also exists fiorther also neither in FPD of a hole reason on the outside 
tn OSF ring, LSTD, COP nor LSEPD of a dislocation loop reason and LFPD is discovered in the middle of a V-rich 
d and an I-rich field recently. This field is the I-rich field side which is not so rich as there is almost no precipitation 
>xygen by being in the outside of an OSF ring when oxygen precipitation heat treatment is performed and the 
trast of a deposit is checked by X-ray observation etc., and LSEPD and LFPD are formed. Furthermore, existence of 
ield where neither the void mold defect of a hole reason nor the defect of a dislocation loop reason exists also inside 



K//www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi„ejje 



7/1/2004 



Page 2 of 9 

DSF ring, and OSF does not exist in it, ||^^ is checked. 

08] Since these N-fields existed aslant HP)Wth shaft orientations by the usual approlch when a growth rate is 
-ered, they existed only in the part in the wafer side. About this N-field, it has recited that a parameter called F/G 
ich is the ratio of a pull-up rate (F) and a crystal solid-liquid interface shaft-orientations temperature gradient (G) 
srmines the total concentration of a point defect by the Voronkov theory (V. V.Voronkov; Journal of Crystal Growth, 
[1982) 625-643). Only a crystal into which a core serves as an I-rich field on the outskirts across N-field in a V-rich 
d at a certain pull-up rate since it pulls up in a field, and the rate must be regularity and G has distribution in a field 
m it thinks fi*om this was obtained. 

09] Then, distribution of G within a field was improved, and when this N-field where that it is only slanting existed 
; pulled up lowering for example, the pull-up rate F gradually, the crystal with which N-field spread all over width at 
jrtain pull-up rate could be manufactured recently. Moreover, in order to expand the crystal of this whole surface N- 
d in the die-length direction, if a pull-up rate when this N-field spreads horizontally is maintained and pulled up, it 
attain to some extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
3nded and F/G might become fixed to the last as the crystal grew, as it is, the crystal used as a whole svirface N-field 
Id be expanded also in the growth direction. That is, F/G at the time of CZ crystal pulling was controlled, and 
lOUgh it became possible to reduce a void mold defect and a rearrangement cluster by pulling up in a whole surface 
ield, there was a problem that the margin of the control width of face of F/G was very narrow. 
1 0] On the other hand, it is known fi-om the former that the silicon single crystal which doped nitrogen will reduce 
defect in FZ silicon, and this approach is applied also to the CZ process, using the unique precipitation-of-oxygen 
perty of nitrogen etc. Then, this invention persons are Japanese Patent Application No. No. 022919 [ 11 to ], and 
posed the manufacture conditions which raise the yield and productivity of a wafer of a whole surface N-field by 
ling nitrogen using N-field being expanded. 

11] However, although it was clear that N-field which does not have a void mold defect and does not have a 
rangement cluster which is seen to an I-rich field is expanded greatly when nitrogen was doped, the most was N- 
d including an OSF field, and there was comparatively little expansion of N-field which does not include the OSF 
d which can actually be used as a defect-fi'ee wafer. Moreover, compared with the OSF field of a nitrogen non dope, 
consistency of an OSF nucleus was several times higher, the dislocation loop which that OSF nucleus is originating 
her and is generated existed, and the OSF field at the time of doping this nitrogen also had the problem of having a 
influence on a device. 
12] 

Dblem(s) to be Solved by the Invention] This invention needs to inactivate an OSF field as a defect-fi-ee wafer using 
crystal pulled up in N-field including the OSF field at the time of being made in view of such a trouble and doping 
ogen. It searches for crystal pulling conditions for that, and control width of face is wide and it aims at 
lufacturing the silicon single crystal wafer by the CZ process which consists of a whole surface N-field which 
fiinated the void mold defect and the rearrangement cluster under the stable manufacture conditions which are easy to 
trol, maintaining the sex fi-om Takao, and the high yield. 
13] 

^ans for Solving the Problem] Invention which it was accomplished in order that this invention might attain said 
pose, and was indicated to claim 1 of this invention is the silicon single crystal wafer raised by the Czochrlski 
hod, and is a silicon single crystal wafer which nitrogen is doped, and consists of a whole surface N-field, and is 
racterized by the oxygen density between grids being 8 or less ppmas. 

14] Thus, it becomes the substantial defect-fi'ee wafer with which a defect which affects a device property does not 
5t, without OSF's not occurring fi*om the OSF field and a dislocation loop being observed by SEKOETCHINGU, 
ugh the OSF field was included all over N-field by having set the oxygen density between grids of a silicon wafer to 
r less ppmas. 

15] And invention indicated to claim 2 of this invention is the silicon single crystal wafer raised by the Czochrlski 
hod, and is a silicon single crystal wafer which nitrogen is doped, and the void mold defect and the rearrangement 
3ter are eliminated at least fi-om the whole surface, and is characterized by the oxygen density between grids being 8 
ess ppmas. Thus, the void mold defect and the rearrangement cluster are eliminated at least from the whole crystal 
face, and since an oxygen density is 8 or less ppmas, it becomes a substantial defect-free wafer like claim 1 . 
16] As indicated to claim 3 in these cases, the oxygen density between grids can be set to 5 or less ppmas. Thus, 
sn the oxygen density was 5 or less ppmas and an oxide-film proof pressure (TZDB (Time Zero Dielectric 
:akdown)) is measured using this wafer since it can consider as a defect-free silicon single crystal wafer nearly 
ipletely, about 100% of rate of an excellent article is obtained. 
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17] Moreover, it is Ixl014-/cm3 about l^^trogen concentration doped as indicate^^laim 4 in these cases. It can 
sider as the above. Thus, nitrogen conc^RSion is Ixl014-/cm3. Since a certain amount of precipitation of oxygen 
be obtained in the bulk section according to the precipitation-of-oxygen facilitatory effect of nitrogen though it is 
oxia if it is above, the IG (Intrinsic Gettering, internal gettering) effectiveness is expectable. 
1 8] Furthermore, the nitrogen concentration doped as indicated to claim 5 is 5xl014-/cm3. It is desirable that it is 
ve. Thus, nitrogen concentration is 5xl014-/cm3. If it is above, a precipitation-of-oxygen facilitatory effect will 
■rove further, and the IG effectiveness will become high. 

19] And invention indicated to claim 6 of this invention is a silicon single crystal wafer with which EG processing is 
Formed to one principal plane of the silicon single crystal wafer indicated in any 1 term of said claim 1 thru/or claim 
Tius, although a certain amount of IG effectiveness is expectable by raising nitrogen concentration, since just it may 
nadequate, it is desirable [ the principal plane by which a device is produced ] to perform EG (Extrinsic Gettering, 
rnial gettering) processing of PBS (poly back seal (trademark)), BSD (backside damage), etc. to the principal plane 

he opposite side. ^ . , ... . , , 

20] Invention furthermore indicated to claim 7 of this invention is the SOI wafer usmg the silicon single crystal 
•er indicated in any 1 term of said claim 1 thru/or claim 6 as a SOI layer. If a defect-free wafer is substantially used 

I SOI (Silicone On Insulator) layer, the poor insulation who arises in order that [ being such ] a void mold defect may 
etrate a SOI layer does not occur, and since it is CZ wafer, diameter[ of macrostomia ]-izing is possible, and since it 
btained moreover comparatively cheaply, manufacture cost reduction of the SOI wafer of high quaUty can be 

ZI^Next, in case invention indicated to claim 8 of this invention raises a silicon single crystal with the Czochrlski 
hod, it is the manufacture approach of the silicon single crystal wafer manufactured from the single crystal pulled up 
the conditions from which the whole crystal surface serves as N-field, doping nitrogen, and the oxygen density 
iveen grids is set to 8 or less ppmas. 

22] Thus, a substantial defect-free wafer can be pulled up using N-field expanded by doping nifrogen, confrolling the 
'gen density between grids to 8 or less ppmas. thereby, N-field margin of the pull-up rate F, and F/G value can be 
led markedly, it can increase, and the sex from Takao and the high yield can be realized compared with the former, 
lat is necessary is just to perform processing to a wafer from the crystal which was able to be pulled up by the well- 

»wn approach. . , j. j. x- -j-^j* 

23] In this case, it is Ixl014-/cm3 about the nifrogen concenfration which dopes this defect-free water as indicated to 
m 9. A F/G (Frraising rate G: temperature gradient of crystal solid-hquid interface) value can manufacture from the 
^le crystal raised in all the locations within the crystal face within the limits of 0.14-0.22mm2 / K-min as conditions 
Ti which it considers as the above and the whole crystal surface serves as N-field. Thus, nitrogen concentration is 
014-/cm3 concretely as pull-up conditions. It is [ that what is necessary is just to confrol F/G within the limits of 
4-0.22mm2 / K-min ] easily controllable if it is above. 

24] It is 5xl014-/cm3 about the nitrogen concentration doped as furthermore indicated to claim 10 in this case. It is 
irable to manufacture from the single crystal which F/G value raised in all the locations within the crystal face within 
limits of 0.12-0.24mm2 / K-min as conditions from which it considers as the above and the whole crystal surface 
ves as N-field. Thus, the niti-ogen concenfration to dope is 5xl014-/cm3. Since F/G value is good in the range of 
2-0.24mm2 / K-min when it is above, confrol width of face is wide and control is very easy. 

i25] Invention indicated to claim 1 1 of this invention is the manufacture approach of the silicon single crystal wafer 
iracterized by heat-treating to the silicon single crystal wafer manufactured by the manufacture approach indicated m 

I I term of said claim 8 thru/or claim 10. Thus, although OSF does not occur since the oxygen density is 8 or less 
nas, the silicon single crystal wafer manufactured by the manufacture approach of this invention may degrade a 
•of-pressure property a little, if an extant minute oxygen sludge comes out to a front face. Then, a high quality wafer 
I be more certainly obtained by heat-freating on a front face and dissolving the minute oxygen sludge. 

126] In this case, as indicated to claim 12, it is desirable to perform heat freatinent using rapid heatmg and quick 
>ling equipment (RTA equipment. Rapid Thermal Annealer). This equipment is an automatic continuation thermal 
itinent equipment of single wafer processing, and it can perform effective heat freatinent of a short time for several 
»nds - hundreds of seconds, without giving the prolonged heat history with much evil to a wafer, smce heating before 
1 behind heat treatinent and cooling are performed in several seconds - hundreds of seconds. Moreover, the mmute 
/gen sludge exposed to the front face can be simply extinguished by annealing by the argon of the RTA process of an 
vated-temperatiire short time, hydrogen, etc. Furthermore, IG capacity can also be made to increase according to the 
"A process in nifrogen-gas-atmosphere mind etc. to add IG capacity more powerfully. 

)27] Hereafter, although explained to a detail per this invention, this invention is not limited to these. In advance ot 
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lanation, lessons is taken from each voc^||ary, and it explains beforehand. 

C2 Cr 207 after cutting down a wafer fiSiPlhe silicon single crystal rod after growth and etching and removing a 
face distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD (Flow Pattern Defect) A pit and a 
>le pattern arise by etching a front face by no stirring with the mixed liquor of fluoric acid and water (Secco etching), 
s ripple pattern is called FPD, and the defects of oxide-film pressure-proofing increase in number, so that the FPD 
sistency within a wafer side is high (refer to JP,4-192345,A). 

28] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a thing without FPD, a 
, and a flow pattern for the thing accompanied by a flow pattern (flow pattern) with SEPD. When it is thought in this 
large SEPD (LSEPD) 10 micrometers or more originates in a rearrangement cluster and a rearrangement cluster 
jts in a device, a current leaks through this rearrangement and it stops achieving the fimction as a P-N junction. 
29] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage of the wafer to 
TD (Laser Scattering TomographyDefect) after etching and removing a surface distortion layer with the mixed liquor 
luoric acid and a nitric acid. Incidence of the infrared light can be carried out from this cleavage plane, and the 
3Ct scattering light which exists in a wafer can be detected by detecting the light which came out from the wafer front 
5. About the scatterer observed here, it is a society etc., there is already a report, and it is regarded as the oxygen 
ige (J. J.A.P. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is also 
Drted by the latest research. 

30] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core of a wafer, with 
P (Crystal Originated Particle) - it is Secco - by SC-1 washing (washing by the mixed liquor of NH4 OH:H2 
:H2 0=1 :1 :10), the defect set to FPD if dirty works as a selection etching reagent, and is set to COP. The diameter of 
pit is investigated with light scattering measurement by 1 micrometer or less, 

3 1] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large Dislocation: cable 
ress of the dislocation loop between grids), and is considered to be a dislocation loop reason. A large thing 10 
irometers or more is said that LSEPD described above also in SEPD. Moreover, also in FPD which LFPD described 
ve, the magnitude of a tip pit says a large thing 10 micrometers or more, and it is considered the dislocation loop 
son also here. 

32] The pull-up rate used as N-field was a low speed, and since there were also few margins of F/G, productivity and 
yield of the defect-free crystal which controls F/G by the conventional approach and is produced were low for the 
son. On the other hand, as this invention persons proposed by Japanese Patent Application No. No. 022919 [ 1 1 to ] 
viously Although N-field, i.e., the field where a rearrangement cluster which void mold defects (FPD, COP, etc.) do 
exist, but is seen to an I-rich field does not exist, either, is greatly expanded when nitrogen is doped and F/G is 
itroUed Since there is comparatively little expansion of N-field which does not include the OSF field which the most 
xpansion of a field including an OSF field, and can actually be used as a defect-free wafer, the pull-up rate of the 
t does not improve so much compared with the conventional approach. That is, although the improvement in the 
Qufacture yield of a defect-free crystal is expectable when the margin of F/G is expanded to some extent, it will be 
i that productivity is so much changeless. 

33] Moreover, compared with the OSF field of a nitrogen non dope, its consistency of an OSF nucleus was several 
es higher, and in order that the dislocation loop which that OSF nucleus is originating fiirther and is generated might 
St and the' OSF field at the time of doping this nitrogen might have a bad influence on a device, it was difficult to use 
1 fact. 

34] Then, this invention persons considered how to use effectively the OSF field expanded by the nitrogen dope, in 
er to improve the productivity of a defect-free crystal and to lower a manufacturing cost first That is, a void mold 
feet does not exist in this field, and a rearrangement cluster which is seen to an I-rich field does not exist, either, but it 
lecause it can moreover comparatively raise at high speed and the margin of F/G is large. 

•35] Thus, as a result of examining whether the crystal pulled up in N-field including an OSF field can also be used as 
efect-free wafer, when making into super-low oxygen the oxygen density contained during a pull-up crystal, what (a 
dee property is not affected) OSF can be made inactive for was found out. That is, since an expansion N-field can be 
actively used if OSF is inactive, it becomes possible to manufacture a defect-free wafer by the sex from Takao, and 
high yield extremely compared with the former. 

66] Then, a detailed experiment and investigation were conducted paying attention to the relation between the 
)ansion OSF field by this nitrogen dope, and an oxygen density. Consequently, when an oxygen density is high (more 
n ISppma (Japan Electronic Industry Development Association (JEIDA) specification)), they are 1 150 degrees C / 
) minutes, and a sentiment 02. OSF occurred by the OSF test under an ambient atmosphere. Moreover, SEKO If an 
/gen density is set to 10 or less ppmas, the consistency of OSF and a dislocation loop will decrease, and when set to 8 
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:e or less ppmas, it stopped generating a|fl|and a dislocation loop at all, although tM^location loop was observed 
ligh density by etching (SeccoEtching).^Kt is, even if it used the OSF field expandedby this nitrogen dope, by 
ing an oxygen density to 8 or less ppmas, it will be said that OSF is made to inactive and it became clear for a 
set-free silicon single crystal without the dislocation loop on a void mold defect, a rearrangement cluster, OSF, and 
F etc. to have been able to manufacture by the sex fi-om Takao and the high yield. 

37] Next, it investigated about the oxide-film proof-pressure property of these crystals. Consequently, it resulted in 
wing a good proof-pressure property, so that the oxygen density fell. This is considered to be dependent on the size 
he oxygen sludge which can serve as an OSF nucleus. That is, the size of an oxygen sludge becomes small with the 
of an oxygen density, and it is thought that it was hard that it comes to influence an oxide-film proof-pressure 
perty. And when the oxygen density was set to 5 or less ppmas, as for the proof-pressure property (TZDB), the rate 
in excellent article became about 100%. However, with the wafer of the oxygen density of 5 or less ppmas, there is 
) no sludge, and since it is hypoxia, gettering capacity is almost lost. Therefore, an oxygen density when [ with a 
icient degree ] gettering capacity (IG capacity) is also required serves as selection to 5 - 8ppma. 
38] Generating of an OSF field changes with nitrogen concentration in the actual approach of pulling up. For 
mple, nitrogen concentration is Ixl014-/cm3. If F/G value is pulled up, it is all locations in the field of a crystal, a 
3tal is raised within the limits of 0.14-0.22mm2 / K-min and an oxygen density is adjusted to 8 or less ppmas when it 
bove, the whole surface will serve as a field (potential OSF field: field which OSF will generate if an oxygen density 
eeds 8ppma(s)) which has an OSF nucleus potentially. 

39] Here, the control approach of an oxygen density is controllable with crucible rotational speed, magnetic field 
»ression, control of a gas stream, etc. as used commonly conventionally. Moreover, if nitrogen concentration 
omes high, this potential OSF field will also be expanded fiirther, for example, it is 5xl014-/cm3 about nitrogen, 
at is necessary is to pull up F/G value, to be all locations in the field of a crystal and just to raise a crystal within the 
its of 0. 1 2-0.24mm2 / K-min, when it dopes above. 

40] According to such an approach, training of a single crystal becomes possible by high-speed growth and the large 
:gin. Subsequently, if this is processed into a wafer throu^ processes, such as a slice, beveling, grinding, etching, 
. mirror plane finishing polish, according to the usual approach, a void, OSF, and rearrangement cluster can also 
lufactxire the defect-fi-ee silicon single crystal wafer with which the dislocation loop on OSF does not exist fiirther, 
.er. 

41] In order to raise the fiinction of a wafer fiirther here, EG processing of PBS, BSD, etc. may be performed to the 
n fi-ont face of the opposite side of a principal plane where production of a device is planned. Since it is the crystal 
li which various defects become completely fi-ee especially in the case of the hypoxia of 5 or less ppmas, the defect 
the electrical property are very good, but since the defect of bulk does not exist, either, gettering capacity is missing, 
irefore, when gettering capacity is needed by the device production line, EG processing of PBS, BSD, etc. may be 
Formed and gettering capacity may be added. 

42] Moreover, although OSF does not make it generate when an oxygen density is 8 - 5ppma, the minute sludge 
lains. Therefore, although there is gettering capacity rather than the above-mentioned wafer, if a minute sludge 
les out to a ft-ont face, a proof-pressure property may be degraded a little. Then, only a fi-ont face can be simply 
nguished by aimealing under the ambient atmosphere of an argon, hydrogen, nitrogen, etc. in a RTA process by 
forming a certain heat treatment in this case that what is necessary is just to dissolve that minute oxygen sludge. In 
case, since this sludge is very small, it is possible to make it disappear enough also in the elevated-temperature 
rt-time process of RTA equipment. 

43] Here, a RTA process is a process which performs heat treatment using RTA equipment (Rapid Thermal 
lealer, rapid heating and quick cooling equipment), this equipment is an automatic continuation thermal treatment 
ipment of single wafer processing, and effective heat treatment of a short time for several seconds - hundreds of 
Dnds can be performed, without giving the prolonged heat history with much evil to a wafer, since heating before and 
ind heat treatment and cooling are performed in several seconds - hundreds of seconds. 

44] Furthermore, gettering capacity may be made to increase according to the RTA process under nitrogen-gas- 
losphere mind already known well to add gettering capacity more powerfiiUy to every wafer. 

45] In addition, if a defect-fi-ee silicon single crystal wafer is substantially used as a SOI layer, the defect who arises 
>rder that [ being such ] a void mold defect may penetrate a SOI layer will not occur. That is, in case a device 
duction side substrate is thin-fihn-ized and a SOI layer is produced after sticking two silicon wafers through an oxide 
1, for example, a defect does not exist the device production side substrate which serves as a SOI layer at least among 
silicon wafers' to stick in the silicon wafer of this invention, then the SOI layer after thin-film-izing, either, but it has 
sry good property. Moreover, since it is CZ wafer, diameter[ of macrostomia ]-izing is possible, and since it is 
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46] 

ibodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail, referring to a 
wing. First, drawing 1 explains the example of a configuration of the crystal pulling equipment by the CZ process 
d by this invention. As shown in drawin g 1 , this crystal pulling equipment 30 The pull-up room 31, the crucible 32 
pared all over the pull-up room 31, and the heater 34 arranged around a crucible 32, It has the reel style (not shown) 
ch rotates or rolls roimd the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism 
t shown), the seed chuck 6 holding the seed crystal 5 of silicon, the wire 7 that pulls up a seed chuck 6, and a wire 7, 
is constituted. A quartz crucible is prepared in the side in which a crucible 32 holds the silicon melt (molten bath) 2 
he inside, and the graphite crucible is prepared in the outside. Moreover, the heat insulator 35 is arranged arovmd 
itside ] the heater 34. 

47] Moreover, in order to set up the manufacture conditions in connection with the manufacture approach of this 
sntion, the annular solid-liquid interface heat insulator 8 is formed in the periphery of the solid-liquid interface 4 of a 
5tal 1 , and the up surrounding heat insulator 9 is arranged on it. This solid-liquid interface heat insulator 8 forms the 
cm clearance 10 between that lower limit and surface of hot water 3 of silicon melt 2, and is installed in it. The up 
rounding heat insulator 9 may not be used depending on conditions. Furthermore, coolant gas may be sprayed or the 
3d cooling system which is not illustrated [ which interrupts radiant heat and cools a single crystal ] may be formed, 
spendently, by installing the magnet which is not illustrated in the horizontal outside of the pull-up room 31, and 
»ressing magnetic fields, such as a horizontal direction or a perpendicular direction, to silicon melt 2, the convection 
-ent of melt is controlled and, recently, the so-called MCZ method for measuring the stable growth of a single crystal 
sed in many cases. 

48] Next, the nitrogen dope single-crystal-growth approach by above crystal pulling equipment 30 is explained. 
;t, within a crucible 32, the high grade polycrystal raw material of silicon is heated more than the melting point 
3ut 1420-degreeC), and is dissolved. In order to dope nitrogen at this time, the silicon wafer with a nitride is thrown 
>Iext, the tip of seed crystal 5 is made contacted or immersed in the surface abbreviation core of melt 2 by beginning 
oil a wire 7. Then, while rotating the crucible maintenance shaft 33 in the proper direction, single crystal growth is 
ted by rolling round rotating a wire 7 and pulling up seed crystal 5. Henceforth, the single crystal rod 1 which doped 
nitrogen of an approximate circle column configuration can be obtained by adjusting a pull-up rate and temperature 
ropriately. 

49] In this case, while adjusting spacing of the clearance 10 between the lower limit of said solid-Hquid interface 
t insulator 8, and the surface of hot water 3 of silicon melt 2 as shown in drawing 1 in order to control the 
perature gradient in a crystal by this invention The temperature of the crystal near the surface of hot water forms the 
ular solid-liquid interface heat insulator 8 in the temperature region fi-om 1420 degrees C to 1400 degrees C, and he 
ying to arrange the up surrounding heat insulator 9 on it in the periphery space of the liquefied part in the single 
5tal rod 1 on the surface of hot water of the pull-up room 31. Furthermore, the equipment which cools a crystal shall 
brmed in the upper part of this heat insulator if needed, coolant gas shall be sprayed on this fi-om the upper part, a 
5tal shall be cooled, a radiant heat reflecting plate is attached in the cylinder lower part, and you may make it control. 

50] The oxygen density under crystal can be set to 8 or less ppmas by controlling a crucible rotational fi-equency, a 
5tal rotational fi-equency, an introductory quantity of gas flow, the ambient pressure force, and the reinforcement and 
direction of an impression magnetic field during a pull-up. For example, oxygen can be made to reduction-ize below 
desired value by it being low in a crucible rotational firequency, and, being low in a pressure, and strengthening a 
jnetic field. [ quantity of gas flow ] 

51] Next, the obtained nitrogen content silicon single crystal rod is processible into the wafer of this invention a 
e, beveling, grinding, etching, and by carrying out mirror plane finishing polish. Of course, as long as the wafer 
messing approach is an approach which is not limited to this and is usually used, it may be which approach. 
52] Then, it dissolves and you may make it extinguish the minute oxygen sludge which added heat treatment to the 
lined wafer and remained on the wafer fi-ont face. In this invention, it decided to use rapid heating and the equipment 
ch can cool quickly for this heat treatment. Equipment like the lamp heater by thermal radiation as this RTA 
ipment can be mentioned. Moreover, for example, the product made from AST and equipment like SHS-2800 can be 
itioned as what is marketed in addition to this, and these are not extraordinarily complicated and expensive. 
53] Here, an example of the rapid heating and quick cooling equipment of the silicon single crystal wafer used by 
invention (RTA equipment) is shown. Drawing 2 is the schematic diagram of RTA equipment. The thermal 
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tment equipment 20 of drawing 2 has tjj^bamber 21 which consists of a quartz, ai^^at-treats a wafer within this 
mber 21 . The heat lamp 22 arranged sd^Jra chamber 21 may be surrounded from rHf directions performs heating. 
3 lamp can control now the power supplied independently, respectively. 

54] Non-illustrated the source of hydrogen gas supply, an argon source of supply, and the source of nitrogen gas 
ply are connected, and the supply side of gas mixes these with the mixing ratio of arbitration, and it enables it to 
ply it in a chamber 21 . The auto shutter 23 was equipped and the exhaust side of gas has blocked the open air. Wafer 
;rtion opening which is not illustrated [ which the auto shutter 23 consists of possible / closing motion / with a gate 
/e ] is prepared. Moreover, flueing opening is prepared in the auto shutter 23, and a furnace atmosphere pressure can 
idjusted now. 

55] And a wafer 28 is arranged on the three-point supporter 25 formed in the quartz tray 24. The buffer 26 made 
n a quartz is formed in the gas inlet side of a tray 24, and introductory gas can prevent that of direct this slack to a 
er 28. Moreover, the non-illustrated special aperture for thermometries is prepared in the chamber 21, and the 
perature of a wafer 28 can be measured through the special aperture by the pyrometer 27 installed in the exterior of a 
mber 21. 

56] Rapid heating and processing which cools quickly are performed as follows in a wafer by the above thermal 
tment equipments 20. First, after putting in a wafer 28 in a chamber 21 from insertion opening and arranging on a 
24 with the non-illustrated wafer handling device which adjoins a thermal treatment equipment 20 and is arranged, 
auto shutter 23 is shut. The inside of a chamber 21 is filled with the reducing atmosphere containing predetermined 
rogen. 

57] And power is supplied to a heat lamp 22 and the temperature up of the wafer 28 is carried out to the melting 
It of 1 100 - silicon, especially the predetermined temperature of 1300 degrees C or less. Under the present 
umstances, the time amount taken to become the target temperature is about 20 seconds. Next, by carrying out 
letermined time maintenance in the temperature, elevated-temperature heat treatment can be added to a wafer 28. 
58] If predetermined time progress is carried out and elevated-temperature heat treatment is completed, the output of 
mp 22 will be lowered and the temperature of a wafer 28 will be lowered. Although the heat treatment approach of 
invention is the approach of making the temperature fall rate from the maximum temperature in heat treatment to 
degrees C below 20 degrees C / sec What is necessary is just to adjust the output of a lamp 22 for having spent 20 - 
second room [ about ] time amount conventionally, and having lowered the temperature by 30-60 degrees C in 
perature fall rate, and sec suitably, and to lower a temperature fall rate to below 20 degrees C / sec, measuring the 
perature of a wafer 28 by the pyrometer 27, in case this approach is enforced. Therefore, the approach of this 
mtion can be enforced, without hardly adding reconstruction to the RTA equipment currently used from the former, 
illy, if the temperature fall of a wafer is completed, heat treatment will be completed by taking out a wafer with a 
er handling device. 

59] What is necessary is to tum OFF the output of a lamp 22, for example, and just to make it quench a wafer 28, 
;n the temperature of the wafer 28 measured by the pyrometer 27 becomes less than 700 degrees C to shorten 
perature fall time amount. Or also by taking out a wafer 28 and making it move to the space of a room temperature 
1 a wafer handling device, it can temperature fall speed up [ of less than 700 degrees C ], and temperature fall time 
)xmt can be shortened. 
30] 

ample] Although an example is given and the gestalt of concrete operation of this invention is explained hereafter, 
invention is not limited to these. 

ample 1) With the pull-up equipment 30 shown in drawing 1 , raw material polycrystalline silicon was charged to 
1 8 inch quartz crucible, and the silicon single crystal rod of the diameter of 6 inches, bearing <100>, and 
ductivity-type P type was pulled up. The 3000 gauss level magnetic field was impressed to silicon melt, and the 
vection current was controlled. The pull-up rate was changed in the range of 0.49 - 0.77 nmi/min, and the crystal 
raised. 

31] Moreover, it considered as 4cm space from the surface of hot water up to the lower limit of an annular solid- 
id interface heat insulator, and on it, the annular solid-liquid interface heat insulator of 10cm height has been 
nged, the crucible maintenance shaft was adjusted, the height from the surface of hot water to pull-up room head 
ig was set as 30cm, and the up surrounding heat insulator was arranged. The nitrogen dope was performed by having 
isted the input of a wafer with a nitride, and the oxygen density was controlled to be set to 4ppma (JEIDA). And F/G 
le in the crystal center section were pulled up within the limits of 0.14-0.22mm2 / K-min. 

32] The nitrogen concentration of the single crystal rod obtained here is count top 2xl014-/cm3. The wafer was cut 
m from the becoming part, mirror plane processing was performed, the mirror plane wafer of a silicon single crystal 
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; produced, and measurement of a voided defect (FPD, LSPD, COP) or a rearrai^^ent cluster was performed, 
reover, thermal oxidation processing wUPbrformed and the existence of OSF ring gSherating was checked, 
isequently, neither the above-mentioned glow in defect nor OSF was observed at the crystal overall length. 
63] Next, it evaluated about the oxide-film proof-pressure property of this wafer. First, it asked for the C mode yield 
rZDB. a' phosphorus dope polysilicon contest electrode (25nm of oxide-film thickness and electrode surface product 
m2) is produced on the surface of a wafer, and it is judgment current value 1 mA/cm2. The rate of an excellent 
cle of 8 or more MV/cm of evaluated dielectric-breakdown electric fields estimated. Moreover, it measured also 
ut gamma mode yield of TDDB. This is stress current 0.01 nA/cm2 to the above-mentioned phosphorus dope 
/silicon contest electrode. It is sink and amount of charges 25 C/cm2 continuously. The rate of an excellent article 
mated by using as an excellent article what dielectric breakdown generates above. 

64] As a result of measurement, TZDB is 100% and TDDB showed an average of 94% and the high rate of an 
client article. Therefore, the silicon wafer of this invention is excellent in the oxide film proof-pressure property, and 
m this wafer is used for device production, it can expect improvement in a device property, and improvement in the 

Id. , ^ . , 

65] (Example 1 of a comparison) A nitrogen dope was not performed as an example of a companson, but except 
ing pulled up the pull-up rate as 0.42 - 0.84 mm/min, the silicon single crystal rod was raised on the completely 
le conditions as an example 1, and the silicon wafer was produced. And measurement of a glow in defect and the 
stence of OSF were measured like the example. Consequently, the glow in defect and the OSF ring were observed 
•ending on the part of the single crystal rod with which the wafer was cut down. When this does not dope nitrogen, 
leld without OSF is the very narrow range, and it being stabilized and manufacturing a whole surface N-field wafer 
ans the difficult thing. . . 

66] (Example 2) The wafer with the nitrogen film fed into a raw material was made to mcrease, the oxygen density 
5 controlled to 7ppma(s) (JEIDA), and the silicon single crystal rod with which nitrogen was doped was pulled up 
; the example 1 except having pulled up F/G value in the crystal center section within the limits of 0.12-0.24mm2 / 
nin. Next, the nitrogen concentration of the obtained single crystal rod is count top 6xl014-/cm3. The wafer was cut 
vn from the becoming part and heat treatment of 800 degree-Cx4-hour +1000-degree-Cx 16 hours was performed to 
! wafer. And the internal defect density of the wafer after heat treatment was measured. Measurement of internal 
ect density was measured using OFF (Optical Precipitate Profiler, Bio-Rad make). 

67] A measurement result is 5x108 to 1x109. KE / cm3 It became, and though it was super-low oxygen, it turned out 
t internal defect density is not so low. This shows the height of the gettering effectiveness of this wafer. 
68] (Example 2 of a comparison) A nitrogen dope was not performed as an example of a comparison, but the silicon 
gle crystal rod was pulled up by setting an oxygen density to 7ppma(s) (JEIDA) like the example 2. The wafer was 
down from the obtained single crystal rod like the example 2, and heat treatment of 800 degree-Cx4-hour +1000- 
3-ee-Cx 16 hours was performed to this wafer. And the internal defect density of the wafer after heat treatment was 
asured using OPP Hke the example 2. A measurement result is 1x106 to 1x107. KE / cm3 It stopped at the low 
neric value. This is considered to be because for precipitation of oxygen not to be promoted when nitrogen is not 

'69] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
Mation gestalt is instantiation, and no matter it may be what thing which has the same configuration substantially with 
technical thought indicated by the claim of this invention, and does the same operation effectiveness so, it is 
luded by the technical range of this invention. 

•70] For example, in the above-mentioned operation gestalt, this invention is not limited to this, but if it controls 
jing nitrogen so tiiat the whole crystal surface serves as N-field, it is applicable [ when a silicon single crystal with a 
meter of 6 inches was raised, the example was given and explained per, but ] also to the diameter of 8-16 inches, or 
silicon single crystal beyond it. -c u • 

171] Moreover, it cannot be overemphasized that the so-called MCZ method for impressing a magnetic field to melt is 
0 included in it in case the silicon single crystal rod which doped nitrogen by the CZ process is raised to the CZ 
•cess of this invention. 
172] 

iect of the Invention] As explained above, N field expanded irrespective of the existence of the OSF field in N field 
making into the super-low oxygen of 5 or less ppmas the oxygen density contained during the pull-up crystal of 
rogen dope Czochralski crystal according to this invention can be effectively used now, and compared with a 
iventional method, it become possible extremely by the sex from Takao, the high yield, and low cost to manufacture 
■■ defect-free silicon single crystal wafer which a void mold defect, OSF, or rearrangement cluster do not have, either. 
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his case, what is necessary is just to adgBfcproaches, such as PBS, if IG capacity is^^d and it excels. 
73] Moreover, by setting an oxygen deBBP to 5 - 8ppma, when using the OSF field expanded by the nitrogen dope, 
F was not generated but the defect-free wafer was developed fi-om the crystal without generating of the dislocation 
p of an OSF nucleus reason. And since a minute oxygen sludge exists, it has IG capacity. In this case, since a proof- 
ssure property may deteriorate a little with a minute oxygen sludge, if it applies to heat treatment with RTA 
ipment etc., a proof-pressure property can be raised. Furthermore, if a defect-free wafer is substantially used as a 
I layer, the defect who arises in order that [ being such ] a void mold defect may penetrate a SOI layer does not 
ur, and since it is CZ wafer, diameter[ of macrostomia ]-izing is possible, and since it is obtained moreover 
iparatively cheaply, manufacture cost reduction of the SOI wafer of high quality can be planned. 
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^ fz. ^tz. zLCD^m^ ]^-yvrzm^(D6sFmm 

mi)mm'^<. '^^\z^o:>osFmf)mmtu^x^^ 
\f^^mm'^k>'Drzo 

[0012]. 

?^m.^\z^^f^^tirz^(Dx\ m.m^v-y\^fzm^(D 
o s FM«^^tfN-ffi«-e^i±tf;^c«g^^^^R5'^x 

-;\ t. LT^MT ^ \z\t.O s F^m^^mmt^^ Zi t 

ti^^j^^mx. ^(Dtz^(D'^^B^\±.\'f^^^mm\^. mm^ 
30 ti^m<. urnvsj^^'^'^i^tzm^^^o^Tx. jj^^ 
CKm'pm^>7y7.^—^mw^\^tz±mu-mmf)^^t^^ 

g 0 ^ M J$ U ?^ e> M it T ^ ^ ^ @ 65 <i: T ^ o 
[0 0 13] 

imM^m^-r^tz^cD^m mmmm^m- 
^^^Tz^\z^'^nrz%(Dx\ *^5^c7)^*ii 1 {riBS 
i.rzmm\^. ^B^y)V7.^-m\z^^xm^^nrzi^ 

^)uymm^^:x.-;\x$>^x. ^mt^'^-^'^n. ^ 
ffiN-'^^;6^^>;^D. ;5^0*&¥r^1^^2iS:^^*8 p pma 
4^ JeAT T ^ r <h -5 U r3 >^Sb^b 'i' X-/\ 

[0 0 14] :i<D^O\Z. 5/Un>'>X— A(^*&^HK 

^^^^ 8 p pinaJ!^T<i:L;^eii:{c.i:oT. N-^:^ 
^XZOSFmmt^^'^nx^^^tzhl.X^. -€"00 SF® 
ig:6^e)0 S F;^^*^^r^e:<hH;^<. 'fenx-;^>^{c 

[0 0 15] ^bT. :^^m<Dm^m2\zmm\^rzmM 

50 iJ7^;u;^^-StCci:-:?TWJ^^nfc->Un>* 




5 

[0 0 16] zn^(om'^. m:^m3 \zmmvrc^^ 

T^'SC^T, CC0'i7X-A^ffll>T^{t:MWEE (TZD 
B (Time Zero Dielectric Breakdown) ) ^SJ^LifeS 

tStS 1 0 o%(DS,&m^^^sn^. 
[0 0 1 7] *;^c, ^:n^(^:^'&, m^m^\z$-&^vrz: 

-3^"^^-^ F-y^nfc^^S^^ 1 X 1 0^^/cm3 

cfcD, Mmmx-$>r)f^f)^^. wv^wz:^\^x$>^mm 

(Dm^Vrm^^'^^n^Tc^. IGdntrlnslc 
G e t t e r i n g. [Hm^y^ U ^MM:^mW 

[0 0 18] ^^\z. 193^^5 fC|2«b;^i: ate. F- 

' ^±x$>n}tI^^\zmmm\hi&m9Ji^f)^^^±l^. ig 
[0 0 19] ^i.x:^mm<D%^iRm6}izmmi^rc^BM 

_)z. ^mmm^^^^^t'\zj:r)^^mm(Di Gm^:^^ 
'^mwx^^f)^. ^tirz^fx\'^^+^x^^m'^^^^<D 
x\ y'/'^-r 7.f)^^m^ti^^mt\t.s:Mm<D^miz. m 

{ny^^^ F^V — i^) T^ir^'cOEG (Ex t r i n s 
i c G e t t e r i n g, 9\-'^^y^^) 9&M^ 

[0 0 2 0] ^^\zif^m<Dm^m7 \zmmi^rz.mn 
mmmi^miu^^vm^mQ<D\^^mi)^imztm. 
- b;^c'>u i3>m^S'5'x-A^, so I mhi^xm^-^fz. 

s o I "^x— ATfe^o ^(D^oUM^^\zi^^xmb:^ 

— /N ^SOI (Silicone On Insula 

tor) mthx^m^tiyi. ks^pis^^^^so i® 
^WM't^i^^\z§Eir^mmi^Skf)m^'^ir. ^t^. ' c 
z ^Ji-/\x^^rc^±am^t^^'^mx^v. v^^hi^t 
^^^m^zm^ti^(Dx\ m^nM<Dso iox.-/\(Dm 

[0 0 2 1] :k^z:^mm(om^ms i^zmmi^fc^m^t: 
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\z. ^m^\^-y''\.fs.t^^^^u'^'mt^^-m.m.tf^y). 

irffzmm^^^ ess iff ^ U 31 >m^S •:7X-ACDSS3t 

[0 0 2 2] ccOcjc-^tc. ^®«];^iij>:P(5'^x-A^i. 
*&^rB^S?^fiS^8 p pmai^Tt3Mfflb;^7:?^*e>> 

^ ]^-zf't^ct\z^r)'&±^nrzN-mm^mmi^x 

i<7 yGmcoN-mm^-i^'>^^^\zmiJU'r^z.h^ix 

[0 0 2 3] z.(Dm^. mis^m9\zmmLrz^^\z. c 
o^^Ri'^x-Aji, H-y-r^^^ss^ 1 X 1 0^* 

chbT. F/G (F : ^I±3liK. G : m^^mm^^COU 

m^m) m^^^fBm\^<7)±x(DiiLmxo . i4-o. 2 

. 2min2 /K • m i n(DieHf^TW^L;^c*«gSv0^e»l 

»m\z^mmm:^^ixi o^'z-cm^ i^±x^n^t. f 

/G^O. 14-'0. 2 2mm2 /K • m i n(Z)|gHP^ 

[0 0 2 4] ^'et33(7)«^, if:*:ai Of::fB®b;^cj: 
o\Z. H-y-r ^^^2g^^"5 X 1 O^^/cm^ i^±ch 
;^^o«gH^B^Bi:dm-®^<h7^^^fr^L.T, F/G 
ffl;6^rSS®r^(?):^T<D&S-eO. 12'-0. 2 4mm2 

XK • m i n(Dmmj;^x^^i^rcm^^B^^^m7t-r^z: 

lO^'^/cm^ l^±<Z):©-&t3fi. FXGffitiO. 12-- 
0. 2 4mm2 /K -m i n <Dffiffl~r J; Vi<7>T> Mffl"!© 

[0 0 2 5] ^mm(Dm^mi i izmmi^rz^m:^. m 
• ffiii^}*tc«tciSii$nfcvg3i>m^s^x-A{3isi 

50=11 ^MT 3 <h ^#@S[ ^ U 31 >^^B^ X^ A <D 
Sit^ffiTS^c ^<DJ:v\Z. :^^BM(Dmm:^m\Z^D 

40 \^^tf^. n^\.x\^^^m^f^mmm\h^f)^^m\z^^ 

\z^K^. J: 0«l|{3iSD°nH^7X-A^#-5)C:<i:*^T# 

[0 0 2 6] z.cDm-^. 2\zw.mvtz^o\z. 
mmm^m^mmm * ^m}^&mm. (rta^b. rbp 

id Thermal Annealer) ^^l^Tff 

m^wx^-DX. mmmm'^<Dij^m. 

50 &Xno<DX. ^^(^^V^g^PB^CDfa«®=$r'>X-AJ3 



\t. ^mS^mM'V(DRTA':fa't7.m\ZJ:r)^ 1 Gmt} 

[0 0 2 7] :$imMiz^^mm^zmmT^^^. * 
&mm\z^^^^Mmi^x:^< . " \ 

l)FPD(Flow Pattern Defec 

^vxmr)m^rcW:. ki ct2 o? ^nm^TiccDm^ 

1 9 2 3 4 5^^^#HS) , 

.[002 8]2)SEPD(Secco Etch P 
it D e f e c t ) . F P D m~-<D S e c c o 

X^y^>ii?^^2«L;fc^'fc, 8ftn:^« (f i ow pat 
tern) h(D^F P D t^ZS.- mtimm^^t* 

^liSEPD (LSEPD) Itm&^^Ts^ — iZ^mT 

^tm^ibn. ^n^7.\zm&^'y7.^-tim^'r^m 

[0029] 3) LSTD (Laser Scatte 
r ing TomographyDefec t) ''t.\t. 

X - A 1 3 # ^tt T ^ ^ Pi t r ^ M >t ^ M ffi T ^ j^^* 

J. A. p. Vol. 32, P3679, 1993# 

[0030] 4) COP (Crystal Origi 

nated Particle) t,\t.. »^x— /N<7)fpi> 
ggO^fbMBJE^^Mb^ii'-SJ^BiTS-S^RST. Sec 
c oXu/5^T«F PDJCT^S^RS^e^^ SC-lgfc# (N 
H4 OH : H2 O2 : H2 0= 1 : 1 : 1 0 (DM'^mz 
^^m.m Ttiig4RX^y5^>^?^<hLTil^. COPfC 

[0 0 3 1] 5) L/D (Large Disloca 
t i o n : *&^Pp1te&;P-y(7)K-^) \Z\X. L S E P 
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D. L F PD^;i?^*^0. ^fi:;U-y^Si:^x.e,nTl.^ 
-S^RSTab^o LSEPD^^, ±f2LfCcfcptCS EPD 
CO^^T'b 1 0 MmJW±<7);t€'Vit)0Sr(.i'5o LF 

P'D\t. ±.m\.tz.¥PT:^<D^X%^^}dy h<D±^^t^ 

[0 0 3 2] ^^■:fjm\z^y)F/G^mmvx^n^n 
10 14. ^^^r^^\zm'^^f:L. z.n\zn\^. :^^mm^t^ 

9c\ZWm^ 11-02291 2^XmU\^t:i^O\Z. S 

m^\'-y\^xF /G^umi^tzm^. n-^^, -tn. 
tDt>. Tfs^ \^miKm (FPD, cop^) ^fj^w^i^n 

~U y'^mmzM.^n^J::3f3im&^^7.^-%W^V 

^t^mi^(Di};:^x$>D. mxm^ji-^\tvxmmz^ 
m-t^z^^zo^x^^os Fm^^-^^f^^^N -m^<DW^ 

mzlt-<X:^\^^\^±V^\^^o O^D, F/G(D^ — i> 

g D c?) ± \tm'^x^ ^ ^mmt $ \^ cH^fb^jj^'TS: 

[0 0 3 3] mrc. ^O^^^ K-^'bTci^-^COGS F 
>F-yC0OSF®i§^^Ci:fc-CTOS F;^ 

o:f^^mtmi^m<. '^^\z^(DosFm7^mm^f3:^x 
T;^ci6. mmjz\:imm^^^^:^mmr3:^(Dx^-Drco 

[0 0 3 4] ^ClT*:^BJ#^ti5fe-r.. M:>:Rg^B^a<D^ 
5^ i; 04£;tb;^O S F«S«^^$atc:ftJffi-r€)^S^#A 

— >^ > V ^ T o 
[0 0.-3 5] ZCD^o\ZOSFmm^^tSN-m^X3\ 

±^frcm^H^mxm'yj:^-/\iii^xmm'r^z,L'^^xt 
^'^^^^'^^^^nitc^M. ^\±^fmm^\z^^ti^m 

mmm^m^mm\zTtm. os F^^^^ittcr^^i^: 

^^m\zmmx^^<Dx% vtmzit^xm^xm^m 
tt. m^mDxmxm^:ii-/^^mmT^a:f)^'^mt 

[0 0 3 6] ^Ct^. CCO^^ H-ytCJ;^ffi;>cO S F 

mm^mmmm<Dmm\z&Eiy. mmummhmm^n 

'otz.o ^(o^^. mmm:mi)^'m^^m^ (isppma 

(02tc^^X^S®ffi^ (J EI DA) mm BCi) \z 
1 1 5 0 r/l 0 O^J^. -^X^y h02 SS^TOOO 
S F5^7^ htCctoTOS F;??«§?^U}^o irn x 

5^ -/5^>^ (SeccoEtching) tCJ: Ofeffi;!/— 



# 
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[0 0 3 7] ;*:t3eine>cD^ScoS^<b^WEE#'l4{::ov^ 

-kZfSi^^. Bffi4#tt (TZDB) ^^^S^;0^*t3tSl 0 0 

Xtt^-orz. iKl,^ 5 p pmaJ^T«7>S^^it^c7)':>X-" 

/\-v\tm\i^mhf^<iS:mm'r:^^rzi^. 

[0 0 3 8] mm(Dm±^f:^mizi3\y^x\t. osFmm 
<D^-±\:^^mi&miz^'Dx^it'r^o mz.if^^mmm^^ 

lX10^^/cm3 £l±(Dt^\t^ F/GM=^5l±tfJ^ 
^m(Dm\^±X(D&mX\ 0. 14--0.. 2 2mm2 /K 
• m i nc^SSffirt-rMs^^W^Lx. K^zi^^ 8 p pm 

aUTizmmrmt. ±m^m^mzosFm^^^x 
[0 0 3 9] cidT. mmmm<Dmm:^&\t^i}tm<^r)m 

^ictfi^b, -^JA^fM^^ 5 X 1 O^^/cm^ m± 
F/Gfii€:§l±^fSSOMrtT-^T 
c?:>^ST\ 0. 12-'0. 24mm2 /K • m i n(D«ffi 

[0 0 4 0] ::(7)J:^75:::&ffi(cJ:n^i. *,^b^c^W^:^^^ 

^m0Z^:^^^jj:^^^-i^>x'^m^y3i^. ^k^^xcn^ 
F b ;^ «^ Pfi.v- u n > ^ 

[0 0 4 1] ZZX'^^lZ^JL—/\(Dm^^M^^rz^ 

\z. '?/\w;^(^f^gt>6^*T^^^n^^®os*i-fi!)co±ss 



if^X^^:^^. /-{JU^ <DX^^W^l^f3:^^rzi5b. V v ^ 

x^*^yt^'j>^'mti'^^i^^^t'^n^m'^\z\t. PBS. 

[0 0 4 2] ^fc, S^ISjSS^^S-'S p pmacDJg'&tc 
O S F«^^$i±7^V^;6^\ ^/jN7^*ff[ii«j:0^*^^?bT 

m^m-rz^'t^z^o. mm(D^^(DWi^tmmmih^^ 

^^x. y)\^zs>. ^mm(DSS^m^Tx<DT:z.-ji 
xmmzmm^'^^:zt:^tx^^. ^(om^. ccDtfrtu 
mm^niz/h-^i^tz^: RT AmmcDM^m^mya^ 
T.xh+^m&^'^^iit t^^mx $> ^ . 

[0 0 4 31 z::ix. RTAzfa^y,t:\t. m^m^R 

T AgM (Rapid Thermal Anneal 

20 e r. ^tsii • ^.s?^ai^s) ^m^-^xrfojimx^ 
-dx. ^(D^mit. ^m^(D^mmmmtmmmm:x$> 
D> mmmmmo:>iiQm. ^m^m.^--^^^xnv(D 
x\ mm(D^i.^mmm(^mmm^ox.-/\\z^^^:z^' 

t:^^X^^h<DX&^o 

[0 0 4 4] $e>t^. ^l<D^JL—/\\zMl^Xh. 

tiiz^^y^^j >^^mti^nmi.rz^^m^iz\t. rxiz^ 
<^^nx^^^. mmw^mn.TX(DRT Ay'u'ty.miz 

30 [0 0 4 5] llPAT. Zi<D^^fS.mm^\zm!KWBX^^ 

S/U n>^M^'^x-/N^SG I gchbT^M-rmf. 

7j^-r \'m{Kmi)^soim^mm^^rz^\z^r^^^ti^ 

^jL-j\^m<tm^iftvx^r)^t)'^rzWi. x/t<xf^ 

nmmm^mm^thxsoim^i'^m'r^mAz. iad^ 

v-U :3>'i7X— /\CDrt. ^^75:< (hfe so I 
5^7 t-i' 7. fPSffldSIS ^ (?) U n > 'j? x-yN Tn 

#j^>fh:m(7)SO I H^Ct^^f^fi^^Eit-r. ®i6TS 
tt^y3i^'\^^^'r^^o:>tt^^o ^fz. cz^:x:-j\x^ 

40 ^fz^^umtt^'^mx^y). i.f)^^)AL^m^m\zn^ 
^m^:itt^x^^o 

[0 0 4 6] 

X. m^^m^mvfs::^^ ^mmizwim-r^o ^r, 

x^m'9-^czm\z^^m'^^B^\±^fmm(Dm^m^m 
iiz^ommr^o mi\z^r^oiz. z:(dw^Fb^\± 

^nrzjwy^s 2 jwy^s 2(Dmm\zM»^ntzh: 

50 -i$^3 4ts ;u:y7i^3 2 ^lHie$-fr'5;i/U/zK«J#tt3 3 
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^nXi^i^o ^T^c. t-r^' 3 4C0^1^#JSStCfJgf«i*f3 

v^(D}%mmm^m^'ix^x\^^. m\z. miB.x\t^\±.\i^ 

4 2 0** c) e^±trspiabTiSfi«?-r^p ^cdb#, mm^ 

US 2 (D^mm^'bmzm^^^H 5 co^a^jsMx^^^iM 
.^i^^o -^(D^, Jiy-^^nms 3^m:M:(Dyj\^\z\B\m 

[0 0 4 9] z(Dm^. i^mMx\t. ^&^B\H(o^&^m 
^mm-r^tzmz. mi\z7^\^rz:^o\z. mmmmww 
mm^i^(DT-^tzy^)::iymm2(Dmm3 tom^i o 
(Dmm^mm^^tt%\z. ^i±^f^3 i(7)^s±(7)¥ 
^FBWi^<j^m^^6^<DfiVM^m\z:^^^x. 

^^(OmLMtmTLyil 4 2 O^Cy^^^) 14 0 Ot:^T<^fi 

m,m\zm'^<Dmm^mw\mti^^mir, ^(D±.\z±.^m 
mmm^^^w.mr^^'j\zi.x^^^o •^^\z. >^^m\z 
m\::'Xz,(Dm^M(D±.^\z^^n^i^n^^mm^WL» 
T> ^n\ziLW^^y)^m-)57.^^^'z>nx'^^B^}%nx 
^^^(Dti.. nTmzmMmtKmwL^'^K^nnxmm 

[0 0 5 0] ^\lL\i^\Z. )Vy^mm.Wi. JS^elHlg^, 
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ht^X^^. 

[0 0 5 1] 'A\z. n^nrz^m'^^i^')ny^m^Bm 

[0 0 5 2] ggl>T#e>n;^c'5X-AtCfaiE!ia^llP^T 
'^x-A^®l3?^#UT(/^;^c«a/hfj:g?^^Jf[a*^^«. 

mm^^^^o\zvx^^\^^. :i^^mx\t^(Dm^m\z 
Mm-mmi - ^m^^x^^mm^mmT^ z. fc vtco 

^vfsimm^m^f^:zt^^x^^o ^tz. ^offiTfris^ 

0 o<D^of3imm^mvf^:zt-^^x^. z.n^\tmm 

^x^mf3ih(7:>XU:^\^\ 
20 [0 0 5 3] 'c: if^mMxm^^tz'^'):2ym^^B^ 

^^fo mzu. RTA^s<7)«ssiiiT&>5o m2<Dm 

z<D^^yj\—2 iP^xOJ^—;\^^MM~t^^o\z'f2. 

r^ct'5lCiB®$n^JPfl*^>y2 2tCcfcoTfTao Z. 

<D^ yy''\-t^n^nn^L\zm^^n^m.ti^unx^^ 
^o\zr^^x\f^^. 

[0 0 5 4] 137.(om^p\\t.. :^^^c07jc^;^7X«*& 

30 y)vz^ymrM^n^m^:^mrmtm^^nx^ 

^M(^U'^):txz.n^^M^vx^^yn-.2 m 
\zm^-r^z^i)^x^^^o\z^nx\^^^^ fi7s<Dm% 

xmm'^m\zm^^n^^m7^<D^ jL-;\nxotmn 
ui)mn^nx^r). ^nmmm.mf3^mmx^^^o 

{zIz-dX^^^. 

[ 0 0 5 5] ^bX. ^X.—;\2 2 4\Z 

40 m^'^ntz'^ .^.^n^2 s(DAL\zmm^ri^. hu-^2 
nT:feD> ^x:»7.^^^ji-/\2 s\zmm'^rz^(D^m 

<:zt^^x^^o ^fz. '^^>J'^—2 i\z\t^m^(D^ 

' mm^m^^^'^mn^rix:idKi. ^^>a-2 icon 
&\zn&^nrz/'i-fu;f^-^2 7\z^y). ^<dww^.^ 

51LT'^X-/N2 8(Dl^m^m]^T^Zt.^^XM^. 
[0 0 5 6] i^±(D ^^fS.miI]iM^m: 2 0\Z^^X. o 

n-5o ^r. mmmi^m2o\zmmi^xm&^n^. ^ 

50 ^^(0»:7X-yN/N>HU >^^m\Z^'DX^X.—/\2 8 
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[0 0 5 7] ^UT, JPl^^>>''2 2 
^7X-/^ 2 8 1 0 0'-'>U n>CDa.^. 

j^i 3 0 ot:j&iT<z)Bf;£os«tc#st"^o ccd^, g 

6?)C0taS{-;^^^Ttl^r'5P#rBl««?iJx.«2 Og^gST 

[0 0 5 8] Bffe^Pp1SiiL-Sfif»^^a31>ii^^7b^c:fe 
6, ^>y2 2(Dm^^Ttf^X-7N2 SOi&SSr.Ttf 

e» 7 0 0 t:^T<^!^fiiiS€:2 O'C/s e cJej^TiiT-S 

om^u&omm^t^n^umm^ o-e ot:/s e 
2 ox:/ s e c}^T\z^^'^rcn^^ 

> F U >^*^SJcJ;^T'i7X— /\^^Oi±i'r CliitCct 

[0 0 5 9] P^SB#PBl^MaiL.;^c(.^0#tl, /t-TDpC-^ 
2 7Tafl^L.}^c'i7X-/\2 8<DS^;6^*7 0 0t:*SJc:;5: 
''^t:i^. mX\t^yy2 2(Dmti^OF¥\Z\^XO:Xi- 
/\2 8 ^tii^T^c]:^tcTntiS:i/^o ':7X- 
;\J\y F U >^KttlCcfc^T^7X-A2 8 ^5tO!±}bT 
^U(D^Ti\\Z^Wip'^^Zit.\Z^^X^. 7 0 0^:*?^ 30 

[0.0 6 0] 

(^JSM 1) 1^ 1 {C^L7c§{±tf^e3 0 T\ IS-O 

^:^^^!±tf;^Co vU n>^?^{ct^3 0 0 0:^'::7;^(7)* 
¥^S«^PPJ^L. ?:^S^«iSiJL.fcp ^l±^fjiS^0. 4 ^ 
g-'O. 7 7mm/m i n cr)|gH-e^>ft:$iJ:T^S^W 

[0 0 6 1] -^fzL. mm-h^^m^omm^mmmt^<DT 

-e<7)i^$^;i/^y7K«3tffi^|^SLT3 0 cm\zm^\^. 

15^x-/^<Z)SAM^I)IMbTfTV^ K^gSStl. 4pp 
ma ( J E I DA) ti^^^o\zUm\^tz. ^bT. >S 
S4»'il^g8TCDF/GM^ 0. 14'-0. 22min2/K 5^? 
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• m i n (7)ieS[^T?!±^f 

[0 0 6 2] C:ClT#^n7t*ISS#C7)^^SS7!^tth^ 
±2xi0i*/cm3 t,U^U^ti^^'y:r.-;\^mr)m 

ffSlb, FM^SS (FPD, LSPD. COP) 

[0 0 6 31 ^^^ctc. c:cD^7X-/NcOg?{t]KBJE4#tttwO 
■ l^TSffibfco ^t*, T2DB<7)C^-FJR^^*5e) 
;^Co ':7X--/NC0SMtcU > F-:/#U v-U zi>SS 
{t:^J»2 5nm, S:®Ma8mm2 ) ^f^Stb, 
ffiffllmA/cm^ TSFffibfc*felb®:Sm#8MV/c 
mJ[^±<7)Sfi&¥Tff«L}^Co TDDBOr^r-F 

U v'U 13 >a^fCA h UXmSKO. 0 1nA/cm2 

mf^mzmh. i|i^S2 5 c/cm^' jK±'r*fi^5S:S;e>^ 

[0 0 6 4] fJJScDlg^. TZDBfilOO %T^D. 
TDDBfl¥±^9 4%^iSl'^S:p^^^^bfCo Vr^^^-o 
T, *:!R!BjO>'U3>^x-/\tSK'fbMltJE4#ttf3ffin 
T43D> e:cD'j7X-A^^A'Yy^#M{C^V^fc^'g', ^ 

[0 0 6 5].. (it^^Jl) itgJ^jchbT^?gF-y^fT 
t)-r. ?IJi^f)lS^O. 4 2'-0. 8 4 mm/mini: 

b T ? I _L J[^^ fmSSM li:il:<fpIilc7)^f*T>^yzi 

>mm^Bm<D^\±\tf^n\^\ 5>uzi>^x-/\^fPSb 
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